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ADVANCE REJTRICTED REFORT

CHARTS POR CRITICAL CONBINATIONS OF LONGITUDINAL

AND TRANSVERSE DIRECT STRESS FOR FLAT
RZCTANGULAR PLATES
By Charles Libave and Vanuel 3tein

SUMMARY

Charts glving ecriticul coabinations of longltudinal
and transverse direct stress are cresented for lsotrople
flat rectangular plates with the following edge condi-~
tionas (a) 8ll edges simnly suvnorted; {(b) lons ecdges
almnly svadorted, short edges clumped; {(e¢) long edges
clammed, susrt edges simoly sunported; cna (&) all edjges
clamved, The charts sre based unson snergy solutlilons the
accuracy o1 which is chegked by comnarisons with scme
particular cxact results and lower-lirmit s~lutions. an
example 1llustrating the use of the chsrts ls given,

INTRODUCTION

Because the skin ¢f . airnlane in flight is sub-
Jected to comblnations of stress, attsntina Las been
glven tn the problem ot dbuzkling of wlates vhen more than
one 1tross 1s present. 1lwoertant cases of such buckling,
invelvin; the Interacticn uf shoar anl cne iirect stress,
have alrsuady been studied., 1n the present neper elastic
buckling under thc iateractirn of longsitudlnul and trans-
verse direct stress 1a coasliered (se= fig. 1).
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?1gure l.- Tnteractisn of lcongltudinal
and transverse alrect atress.
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A combination of two direct stresses can arise in a
plate if the Poisson effect produced by the appllcation
of one direct stress 1s restrsined or partially restrained
by members adjacent to the plate, If the individuel
streasses can be evalusted, the effect of the combinetion
sgould be considered in investigating the stability of the
plate,

The energy method is used to derive intersction
equations that define the eritical combinations of longie~
tudinal and transverse direct stress for isotropic flat
rectangular plates with the following four cases of edge
conditions:

Case Long edres Short edges
(2) Simply support:d Simply supported
(b) Simply supported Clemped
{c) Clamped Simply supported
(4) Clamped Clamped

Charts based upon the interaction equations ere presented
for these four cases,

The solution obtained for case (m) 1is exact., TFor
the other three cesez the solutions obtained are approxi-
mnte and, as 1s cheracteristic of the energy method, -
unconservative, Comparisons with known exact solutions
and lower-limit solutions indicate, however, that the
errors in the present results are generally small,

SYMBOLS

length of plete

width of plate (b<a)
lcngth-width rctio (g/b)
thickness of plaot.

€ o BV o o

deflection normal to plane of plate
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arbitrary deflection coefficlent
longitucinal coordinate

transverse coordinate

B4 N >

nurber of longitudinal buckles .
number of transverse buckles
elastic moZulus of plate material

Prissgon's rauvio for plate materlal
e . Et3
flexural stif'fness of plate ——
12(1-p2)

Ox longituéinal cirect stress, ncsitive for compres-
sion

U T ® B

0, transverse direct streas, positive for compres-
sion

kx' ky dimensiconless stress coefficlents
4

bet bet
Ky = Oy 23 k, =0, —
( S N A AR

N

INTERACTION CHARTS

Generual Description of Charts

The critical direct-stress combinations for the four
cases of edge restraint considerced in the present paper
are defined ty the solid curves in the interaction charts
of figures 2 t» 5. Erch of the solid curves 13 a plnt of
the critical value of ky against {1 for & glven value
of ky. The parumeters i and k., uare dimensionless

measures of the lonzitudinal and transverse direct stress,
respectively, and are defined by the formulas

ky = Oy === . (1)
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B b2t
ky =0y 35 (2)

The parameter p 1is the length-widih ratio of the plate,
thai is

&
p=z (3)
Any critical combinatlon of Xx. Xy, 8nd p, 8s
represented by & point on 2neé ol the interaction charts,
is associated with a cdefinite puckle pattern. The dif-
ferent buckle natterns are inAicated cvn the caurts by
sets of values of m &sndi n assiznea to gifferent
regicns. These¢ reglnns are genarated by dashed curves.
The intesers n and n A&re def{ineAd a3 tue nusber of
longzitudinal lotes (buckles) anu the number of transverse
lobes, raspectively, i{nto which the buckled shape ol the
plate is cut by the plane of tue unbuckled plate.

kach of tiwe interaction charta of figures 3 to 5 1s
vased upon two eneryy sol.tions, which yielc two different
sets of interactlon equutions. tne of these sets of equa-
tinns was found to give more accurate results in one por-
tion of ihe chart and less accurate resvlts in another
portion than the otier set of equations. The dotted curve
in each ol flgures 2 to 5 serves as a demurcation curve
petween these tTWO nortions of the chart. Although the
@rtted curves are sontinuous wercss the charts, parts are
onitted in figures l, and 5 where they would coincide with
parts of tr,e dashed curves.

The energy solutions upon which the interaction
charts are based are given 1in the appendix. The data
used in plotting the charts are given in tebles 1 to L.

Jse of Charts

The i{nteractlion charts can be used to check the sta-
pility of & plate subjected to known longitudinal and
transverse direct stresses OTr tn deteramine the critical
value of one direct stress corresponding to & glven value
of the other.

In order to check the stability of & nlate with known
values of Ox and Oy, 1t is necessary first to calculate
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the values of kx, Xy, and § from equations (1), (2),
and (2), resmectively, and then to locate on the apnio-
priate chart (denending on boundary conditions) that point
which is deflned by the calculated values of ky and .
The value of ky wussoclated with this point is the
eritical value of ky for the plate. If the actual

value of ky as calculated from equation (2) 1s higher
than the criticul value, the plate is unstable for the
given loading. Conversely, if the actual value of ky

is lower than the critical value, the plate is stable,

If o0x 1s known and it is required to find the cor-
responding critical value of Oy, the critical value
of ky is first ovtained as Just described. The critical
value of Gy cuan then be calculated from the formuls

_ 2D
Gy = ky T3t (W)

It ay is known and it is required to find the critical
value of Oy for the plate, the values of ky and @
are first obtained from eguationns (2) and (3) and the
point eonrresvonding to these values is located on the
appropriate chart. The orcdinate of this point is the
critical value of Xx. The corresponding critical value
of Gx cun then be obtained from the formula

°"=k"€2—2 © (5)

¢ The use 27 the interaction charts will generally
involve interpolation between ky-curves. The form of the
interaction equations (A3) to (Al3), upon which the charts
are based, indicates that far a given set of wvalues of 3,
m, and n the critical value of ky varles linearly
with kx. Accordingly, linear internolation may be used
along any vertical line segment between two adjacent
dashed curves or between a dotted curve and an acdjacent
dashed curve., It can be shown, however, that linear
interpolation between two points that lile on »ppnsite
sides of a dashed o>r a dotted curve introcduces a small
error which tends to offset the error inherent in the
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energy solution. The use of linear interpolation between
k,ncurves at all tiiss 1s therefore recommendede.

Accurany of charts“

The critical stress obtained by an energy method 1s
characteristically unconservative; that is, 1t represents
an uprcr limit to the true critical ctress. If the assumed.
buokle pattern is the truc one, however, the critical stress
is exact. Only for cass (a), all edges slwply supportecd,
are the present resultes exact. For the other cases 1t Ils
important to have some ldeca of the degree of accurasy; for
tals reason thio rosults in figures 3, L, and 5 (cases (o),
(c), and (d)) sre comparsd with some results obtalned from
exact solutions in veferences 1, 2, 3, and 4. The3le comparie
sons are swmnaiized In table Y whore 1t ls seen that the
errors in the precent rasults are gonerally of the order of
1 or 2 porcent,

The comparicons of table Y ara made for the spaclal case
of a plat: subjected Lo omly one direct slress. The table
oonsecquently furnisucs comparisons principally along the line
k, % 0O and along bthe curwe kg = 0 in figurcs 3 to 5.
Ff;:,’l.u‘r: 6 1s presented to furniBh checks reor cases 1n vhich
botn dlpect stresses ore Prescnt. In figure 6 the interaction
data for P =l 1in esach of figures 3 to 5 are replotted in
the form of a conventional intersction curve and compared
with & curve that 1s known to represent a lowor 1llait to
the true interaction curvo Ifor tlie case., Sinee the interw-
action curve based on the energy method iz character-
istically unconservative arnd furnishea an upper 1limlt to
ths true interactlon curve, the true intecaction curve
muat lie somewhere betwoun the two curves compared. Cone
sequently, 1f ibs Lwo ecupves Lie close togothor, tho

#In the interval between the orlginal publication of this
report and its re-publication in the present form as a
Wartime Report, extenalve checks wore madc by James Ca.
MeCulloch of the Langl~sy Laboratory stati on the results
for casc (d), all ediiss cleamped. The checking was done
by the method explained in NACA TN No. 1103 entitled
“"The Lagrangian Multiplier lethod of Finding Upper and
Lower Limits to Critinal Stresses of Clamped Plates" by
Berncrd Budiansky and Pai €. Hu. The maximum error in

. any of the results shown in figure 5 or table L was
found to be about 3 percent,

7

&
Lo
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maxi:mm b23sible eppnp iIn the Upper-linit curve (present
folusinn) 1g s:nll,

The lcwer-limit 1nteraction Curve useq in Tlgure 6(&)
1g the exact intersciion Curve Top 4 Plate w1ty 11 edges
8laply Supmerteqd, Thls curvye i3 kno.m tn Pipresent 4
lower iirit fPap Llhe 2ase Uudep constderat;on because, all
otrer thin:-s be;ng €jusl, sirgle Support along the short
edzes 1g o weager boundary conditing than cl&mning a.nng
the siort €0ges, The lower-1tmy, interaction curve uased
in figures 6(o) &nd 6(c), “hich 15 tiken Irong Cigure 2 op
reference 5, 13 the e:get interactlon Curve for gp
1nf1nite1y long Plate witn clamneg edses, Tris Cirve is
known to represent 4 lewer st Inr the cises Conaldereq
In Pi1yureq 6(b) und 6le) because ap Mifinttely long plate
must have lover (4 thz rume) Luckling trensih thun a

Comnant san, 2imt lar pp those fugt dLscussed~woul&
have 1ittle 815:3 £1 cunce 428 an lucication of accuracy
or values of b Iower paan i because tpp divergence
between the trye inceractlon CUrVEsS ung e lower-limit
interactlon Curves &rerally Incredseg a3 decreaasnsg.

ILLUSTRATIVE CXAIPLE
Problem

An faotropie flat'rectangular Plute g tullt into a
structurs in such g Yey thut Itg lang edges may be assumed
to be clamped ang 1ts skortg edges'simply Supported, -The
plate 15 2, Inches 1ong, 15 lachies wide, g, 1/8 1nen
thicxk. The'rodulua of elastlcite E is l0,00G,QOC-psj
&nd Polsgnnrg ratio , 14 1/3. ohe Problem 1s tq _
determine the longltudinal Compressive stress Ox that
causesbuckling on the u:sumptlon, first, that the Poisson
effect (transverse exmansion) tukes pluce freely and,
Seeond, that the Pailsson effect 1g completely Prevented
by mnenbers #Aljacent s tha Pluate.

Solution
If the Poisson effect 15 allowéd to take Placs freely,

no transverse stress 1 Induceqd in tne Plate. Conse-~
Quently, Cy =0 and, frop, €quation (2), ky = 0, The
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length-wldth ratic 3 is equal to 21/12, or 2. The point
’ Cefined by the valuea ko =0 and p =2 18 now located
on the interacilon churt of figure L. The crdinste of

this poins, %Xyx = 7.01, 1s the critiesl vaiue of kx {
for tle plate. The longliudinal stress which czuses . J
buckling s then found from ejuntloa (5) to ke }

Oy = 7040 psi : |

If the Folsson effecc 1s proveated, a transverse
; streoss equal to p  oines the longitudinal strsss is
! inducec by the srvlleutisn of longitucinal stress.
: Accnrdingly, bueckling wlll ocour unidur a stress comblna-
tion in wnlch the truncverse alrcet stress Cy i3 one-
third of the yugitiiinal Firect stress Jy. The ratio
of stress coefriclznSs wgp/ky i1l alsd be 1:3. By trial

L
and error, the noint ut wnleh 4 = % 1s fcund along the

iy 3
dne | =2 1ia figure L. The velue of Izx atbt Lkis polnt .
1s 5.93. The largltudinal &irvsct stress correspondlag to
this valus of kx *s glven by ayuatlion (5) us .

Oy = 5650 nsl

It is rnotleced thut nreventlon of the Polsson expansion
reduces the buckiing strength of the plate from 70LO psl .
to 5950 psl. : ;

In this parfienlur nirovlem the transverse stress Jy
was acssuncd to te daveloped by rreventisn of the Polsson
effect. The chaarts can also be used tou dotermine th
critical combinations of Oy aund Oy when Oy 1is
establlshsd cirectly by a kunown loading.

COWRCLUIMIYG RE'ARKS

i The nrinecipal results of the present investlgation
are embodied in the interaction charis. These charts can .
be used to obtain critlcal coabinstions of lonzgitudinal




MACA ARR ¥o. LAAOS 9

end transverse firect stresa for isotropic flat rectangular
rlates with several conditions of edge restraint.

Langley Nomorial Aeronautlical Laboratory
Mutional Advisory Committee for Aeronautics
rangley Fiold, Va.
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APPENDIX

CRITICAL COMBINATIONS OF DIRECT STRESS FOR FLAT RECTAUGULAR
PLATES DETERMINED BY EWERGY METHCD .
The Energy liethod

Tre critical streases are determined from the »rin-
eiple that the work done by the awplied loads during
buckling is equal to tiliz2 elustic-ztraln energy stored in
the structure during buckling. If the structure under
consideration 1s a flat rectangzular nlate with simple-
sunpnrt or clamped-ecge conditions, subjlected to twn
¢irect stresses in the plane of the plate, this ejuality
cen te written in the following form, whilch 1s acapted
from equation (210) of reference 1:

axtf dw'\? éN
TufS; (ydx+_.-._ dy dx = .

2 (. 2
g_rr(/gz_v’v+€ﬁv_\‘_2(—l-u-)a_?—_vr.éﬁw__ .b_aw_ -}dydx
“JJ \3x2  3y2/ 2x2 5y2  \2xdy

(A1)

where tae integrations are perforned over the surface of
the plate. Tt can be shown (reference 6) that for a
rectanzular olatgzw*th supnocrted ediges, the term

32w &y 3%y
S — - - on the rignt-hand side of equation (Al)
3x2 2y Ax Cy/) © 4 (

vanishes upon Integration. Consequently, equation (al)
can be reduced to

', <—) QY""”‘y/(e’“\ dy ax =

/ /baw baw
,,a

612 Aya

dy dx (A2) .
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where

kx

ky

An upproximate solution for the critical stregses
can be obtalnea By f3smning u deflection function
w = f{x,y) that sotlslles bvg bowndary conditlons of the
plute and substituting *his funetion for w In equa-
tlon (AZ). an iatereztion enuntlan defininz the criticanl
ralationthin bLetyuon ¥y 2nd k resalts. This relae-
tilonsnip 15 usally apoifoxinate S3l] unconservutive, as is
Conerally tie cusa in ‘nerey roluéfons,  (See reforence T
or pp. 8132 of roiiirence 1,) when the arswned bucl:le
pattorn hapnuns ty L. thu trie oz (th g is, satlafles the
A1iferontist cguaLtsp of cquilibrium), the solution 1s
eract, Convursaly, tha true Luekl. pastern iz thut one,
ol 11 possible sucelhle prtibaeng Satialying tho boundary
conultions, whi-n Slves the lowest buekliag streas, Ir
Bhore wre sevral Cnorgy sslutiows to the Sarie problem,
therefore, the moat accurate is tho oae that glves the
lowest critic:.l stress,

By using the Lnergy method, the problem of buckli
ol flat rectanguler plates undep the acti
stresses was folvad for four Gifferent casas of edge
restraint, In each Ca’s, 83 weny deflectien functions
were used as werg necessgary to include all the expected
types of buckling confliuration; und, lor any £iven values
of ky end §, only the lowest of all tne resulting

values of ky was uaad,

Foundary Conditinns

The deflsction functions were ehosen to satisfy the
following boundary conditinng:

Alonz eimply Supported chort edges

w=0

Pw . 2
& Frgz =0
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Along clamped short edgea

w=0
28 -
X

Along simply supported 1ong edges

w =290
.‘2“ ;2
(f——+pr;—v'£:0
d72 dx
-along clamped long edges
w =20
N .
.'i:o
Y

Deflection Funchions und Interaction Equations

The deflaction functions and interaction equatlions
corresponding tu trhe Aifferent buckle patterns can be
obtalned by aszlgning alfferent combinatlons of positive
integrel values io m and n in the following general
equations. In each of the cases (b), (c), wnd (6) two
tyves of qoflectlion Tunctlon were used. Those functions
which were found to give generally lower (&nd therefore
more sccurate) results when transverse comyression pre-
dominates &are salled -“eflectlion functicns 1. Those which
were found to give lnower results wnen longltudinal com-
presszion predoniinaten &re eslled ueflection functions 2.
1n sach of flgures Z to H, & dntted demarcation curve
senarates that reglon {below tiwe curve) governed by
deflection functions 1 from that region (above the curve)
governed DY deflection functions 2.. portions of the
dotted curves vhich would colnclde with oortions of the
dashed curves are srltted In flgures l. and 5.

case (a) ull =duzes simnly supparted.-

peflection functionss

w = A 8in BT sin Ry
a b
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for m=1,2,3%3. .. and n=1,2,3., ...
Iimits of plate:
x=0,88; y=0,0

Interaction equationss

2 2.2
- m 2, pPa% ( o
ky = %y + 20 4 B (n ky) (43)

for m=1,2, 3... and n=1, 2,3 .,. .. Egua-
tion (A3) rields exact results since the assumed deflec-
tion satisiles the Sifferential equaticn >f eyullibrium
(equation (20$) of reference 1),

Cace (b) long edges simply supposted, short edges
clampad,~

Doflectiionn forctiong T

for m=1 and n=1,2, 3 . ...

Interaction equutions:
. 1 2
Ky = =% + 2 + 0.8068%(n® - k Al
X ndﬁz [ 4 ( y) (al)

for m=1 and n=1,2, 3 ...,

Deflection functinng 2:

w=a [cos (m —al ™ _ cos !&al)l’ﬁ]sin ?
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1]
[
.

for m=1,2, 3% ... and n

Iimits of plate:

Interaction equations:

4 2
kx-ﬁa+2+5-£—(l—ky) (45)
for m=1 and n = 1.
) 204 _
= mk o+ ém + 2 24 g=(1 kl) (a6)
(2(m + 1) m2 + 1

for m=2,3, 4L ... and n = 1.

Case (c) long edges clamped, short edges simply supported.-

Deflection functions 1:
o= A sin BE fooq (R LI - con (e d)m |

for m=1,2,3% ... and n=1,2,% . ...
Iimits of plate:
x=0,&a y=0,D
Interaction equations:
I S . [ 2
kx--p—é+2(n2+1)+p2 [(nl"+6n +1) -(n2+1) k,](A?)

for m=1 and n=2, 3, kL .. ..

kx='-“-§+9+&£('+-ky) (a8)

for m=1,2,3%3 ... and n= 1.
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Pe{lectlon functions 2.

. 2
W= A sip BUX T Sye i) + 1 08 XX
& f2\,2 L[/)73 b
TONDE Ay

for m =}, 2,3 ... ane p = 1.

Limits of plate:

XxX=0, a; y= -g, g

Hﬁ‘
I
'3
)8
+
{ o]
)
+
R
o
I
=
I
[
<

(49)

for m =1, 2,3 ... 8né n = 1.

Case (¢) ull e es slumped,

Leflection functioas 1.

w = ["/’ii_l)-;.ic E_“Qai-r%lﬂ-cos@-ibMJ

I 2
ARy
for m =1 gana =1,2,3%3 ...,

Dimits of plates

X =

olx
e
-e
e
I
©
-
o

Interactinop equations:

—l'—-ai*_+P (R +1)+0 .eoéﬁa[nll +6n2 + 1 a (n"-’ + 1)1:y

(a10)

for m =1 andg n = 2, 3, L .. .. -
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ky = Lrﬁ_;’:: + 2,67 + 1.0756%(k - ky)

for m=1 and n =1,
Deflection functions 2

% = Alcos
L

[ (m-al)'n'x_cos (m+1)mx

h 42 1\,1
R (1) dor

1.

for m=1,2,3%. .. and n =

Limits of plate:

x = 0, a;

Interaction equationa:

Ky = b+ 2.8 + (2 (3.85 - 0.93ky)

4

for m= 1 and n=1.

K, =
* O Pm2 + 1)

for m=2, 3%, 4 ... and

L 2
_mb + fme + 1 + 2,48 +

2

n=1.

- m————— e
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(A1l)

(n12)

ky) (a13)

The interuaction ejuations (A3) to (Al3) were used
in the preparation of the interaction charts of figures 2
to 5. The different regions of the charts, as marked by
the Aushed curves, are labeled with the values of m
and n that gave minimun values ol

of ky and fp. These values of

m

kx
and n

for given values
also define

the governing deflection function and indlcate the buckle
pattern,
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2e

3.

5.

6.

REFERENCES

T™moshenko, S.: Theory of Elastic 3tability. MeGraw-
P11 Boo¥ Coss Inc., 1930.

Turdqrist, Dugeneo E., and Stowell, Elbridgs Z.:
Cr'tical gomiresatve Stress feor Flot Rectinguler
Plutes Svrnorted aleng All Edges and Elastlcally
Reatreined age~inst Rotatien aiong ithe Unloeded
Edges. I'4CA Rep. No. T73%, 142,

Levy, Samuel: Buckliagr of Pectargular Plates wlth
Bullt~T. Edgos.  Jovr. Aprl, Mech., vol. ©, no. U,

Dec. 19i:2, Doe A=1Y1 = A-1TL.

Maulhetsch, J. T.: Jiwckling of Comoronsed Restangular
Plates with 3316-In Edges. Jouvr. Apol. Mech.,
val. N, ne. 2, Juns 1937, po. 4=53 = A~52.

Batdorf, 8. F., ¢ta3in, Manuel, and Llbove, Charlies:
gritieal Conbirstions of Toagitudinel aad Trarsverse
Direct &shresa Lo on Inliritely [ong FPlut Flake
with @iges IThist.anlly Restralned rzelast Rotation.
BACA A3R Mo, wLéAJje, 1946,

Leggatt, D.¢ M. Aat the Buclilling of a Square Paael
under Sheur wlen One Palr of Opposlte Tdpes In
Clarped, anil the Other Palr Ts Simply Supportcd.
R. & M, Lo, 1621, Eritich AJD.Ce, 2CL1.

Temnle, 3., and Blekler, . G.: Eaylcight's Principle
ané Ite Apnlicntlons tc Englneering. Oxford Univ.
2ress, 18373,




R

L6AOD

NACA ARR No.

18

et o e e v i =

TABLE 1

CRITICAL COMBINATIONS OF LONGITUDINAL AND TRANSVERAE DIRICT-STRENS CORFFICIZNTS
FOR PLAT RECTANGULAR PLATES WITH ALL EDORS SIMPLY JOPRORTED

[Data for £1g. 2]

T T
1. [ 858848 mmrr
LT ED a mmm
RRELELE i
° MmN NN -
MNEEEE - 3R
L EEN n
—Tesdcesasrsss | |- |6
. 52”2“222“22“3 L
N EEEETERT - |oe
11112255.’.’:&.45 ~ \..
[ G5atsggasuas T3
“[Teasa8z38434s :
Lhmm.mzzz.’.’hh & Mmiim
o[ 7| BkEaa3aaana P EY AL .
S Teasgszazass: LATEE
llllzzzaiihh K .o:...u.o..s....dm
= W’”&%WW?WW&M - Nt
° Wh%hhhh%hh.%m%u._.b ~ mwowmwmm
- | 883838332884358 i R
lllll!!i!’.’hh.’
»| 8IRQRRIIFIRRERTAEE & mmw:u....r
v 920 Y]
§33333308z383¢ - 35888
* lllll.hl..m.‘..‘.mz.!”hhm llZZ’Ifuh
M W&Wﬁ’.”ﬂﬂﬁwwmmﬂmﬁ K RRYERNSS
- WGWS%GGGSG%%“%“: » NN A
"l | 8833RR2FFIREIR 1o |83228388
11111122233.’.’55.& T T Y

Scusp, indicating changs in the mumbsr of longitudinal buokles.

yinimm point of & ssallop.

FATIONAL ADYVISORY
COMMITTER FOR ANRONAUTICH




L6AOS

NACA ARR No.

2

?

19

e e m—"

e e et

[Date for fis- 3 ]

0.5

ky

AERE

FELELEL LR
- MM.MMMMmM@ﬁ..
0 - )

N o

56

g5a55a2acdns

o

reengqnrinand
oo a4 hldld.u..bu.m.q..buﬂ.w

F Fa2dd8d
mo
o

Uy

[
[- K=
o
[Tl

.

ky

-2

ge2gx53183588
o

-]
2535283580881

LLL...........ZZZ.ZL.).)

=5

. L R Rl

. mmmw1memmmmn

=5
o

EER
FEVEE

NETETINTE

LLLLLZZLZZ.’.’.’

=10

RRCCCYRRAD

RRE S & 35958
ggogdogogTEd
2ggceRancaiis
1111122.‘22”!}

:om_bmm
g

- D
TR e
S F o
o O N0
Faea

PHET
7338

e

1.5

1.5

iy

My

kx

dty

ky

2333388333088

1111111-2
N O O A -r=O M
Axﬂmwasmm&sadmas
Ebllll.‘zz.l\.

saqaasseaanietll

LLLIIIILIZZ!!.’.’.’
ﬂMMﬂMﬂ&Jmmﬁua&ﬂm

——..:Elllll))-zzn‘ll

SE888530a5a0 en

akl
1111111112225£b

SRSTERRNERET

533832833838%8

gRRRRRSIINA

« s e
‘.—.(khlalll(‘z:-:-

538532

553528888

11111122.’“5

of s acallop.

ting changs 1B nusber of 1ongt twdinal buck.

scusp, indical
tyinimn polnt

WATIOFAL ADVISORY
COMMITTEE FOR ATRORAUTICS




3

TANLE
CRITICAL COMBINATIONS OF LONOTTUDINAL AND TRANSVERSE DIRRCT

LBAOS

BACA ARR No.

SIRESS CORFPICIENTS FOR FIAT

[oate for £1g. L]

RECTANOUIAR PLATES WITH LONG EDORS CLANFED AND SEORT EDGES SIMPLY SUFPORTED

o NRITIANAKANAAGY u | 8953
b FaagdIgadiddigs il i
. -
"|a| 8383885888 5855% - [ 8828
et et et ol O 0Ol R Rt dolcie a
| 8333v4sesanzasgEs MEES
- bl Mot v ¥ ok il - Nt~ 'y m
-| 883833 22834834598R8 - | 888238 mm
cccocdddodsoaddn dcoddd,
) ARSI RS oI IIASAER n | 8B NIIQ AN . M
*1 e &:n:p:p:w&:p:;.:.’:n:p:p.:w. ol I PR} -1 B
~ 2 ] 2 - X ¥-) bk; :..l [} n
mnnnnnan | |- (e 1
111111112222’5’“&5 L LI LI LT T M
o | RYIASJFAEAIRARGINIRARYSY u | 3ZRSARNAR 8
f| SSRGS | FREEE :
- o - {
- | §388332359583378344|| | 3| [e%asazass H
ILLLLLLLZZZZZLLLhkh% 111225.?05 “
B EEEEEEEEEEEEEE L w | REIRFRARSI .
al R I Yl i i
o -
.| 88883583 5858858838R “la | 8538888838 c &
11L11LLLLLLLL...J:.¢:.¢|m|m|m:w At Sniin gt nl...o.
« | R83845938RN83888528584 « [¥sn=mne E
L ssmn.sqsmum&mmnmmmmmmwwm.w o | | mmmdiciaiw .
"o | 88988583885823833742% “la | 8888288 3%
LLLLLLLLLZLLLLLL-&.&&& et AN T ]
« | FEI3sRaqBTRERaRTEd s | et aTe 1
N.M.N.WN.M.Q.N,W%M.N.WN.WW e 5 saen|”
T w5ed M 002 3 % om “mm w.m
[ §558253 05T e4EE N EEE LR L T
11112222255.?&.4.4-‘55 IILLLLLLLZLL.‘.‘ "3 WN
. SRSt ) -




.
. 21 . NACA ARR No. L6AOS
TABIE |
CRITICAL CONBINATIONS OF IONOITUDINAL AND TRANSVERSE DIRECT-STRESS COXPPICIENTS
POR FLAT RECTANGULAR PLATES WITH ALL EDORS CLAMPED
[mn for rig. 5 ]
Xy
10 -5 -1 0 1 2 3
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1.669[12.25]1.477]%11.29]1.500] 9.16]1.200] 9.65(1.183)89.,4 l1.301]e8.23]1.392|v6.61
1.775]%12.32]1.600] 10.70}1.592] ®B.95J1.500] B.L.|1.400] 8.19|1.500| 7.32|1.522]e6.68
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TAMER 5
‘ SCUPARISONS 0P NESVIAS OF PIBSANY INVESTIGATION WITN RXAOT SOIDTIOND
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kg 5 0 ky* 0 . !
. ky L
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